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A23 
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Tests 

A24 

Laboratory  Test  Data  -  Remolded  Embankment  Material: 
Triaxial  "Q"  and  "R"  and  Direct  Shear  "S”  Tests 

A25 

Laboratory  Test  Data  -  Direct  Shear  ”S”  Tests 

A26 

Stability  Analyses  -  Circular  Arc  Method:  Construction 
and  Seepage  Cases 

A27 
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A28 
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A29 

A30 

A31 

A32 

A33 

A34 

A35 

A36 

A37 

A38 

A39 

A40 


APPENDIX  A  ~  DRAWINGS  (CON’T) 

Title 

Diversion  and  Closure  -  Plan  and  Section 
Spillway  -  Grading  Plan  and  Section 
Outlet  Works  -  Excavation  Plan:  Sheet  1 

Outlet  Works  -  Excavation  Plan:  Sheet  2 

Outlet  Works  -  Embankment  Plan  and  Section: 

Sheet  1 

Outlet  Works  -  Embankment  Plan:  Sheet  2 

Outlet  Works  -  Sections 

Intake  Structure  -  Miscellaneous  Details 
Water  Rights  Gate  -  Details 

Outlet  Works  -  Conduit:  Concrete  and  Reinforcement 
Details 

Stilling  Basin  Details 
Embankment  Berm  -  Plan  and  Section 


NOTE:  Many  of  the  Plates  used  are  the  original  Construction  Plates  and 

contain  notes  referring  to  the  construction  of  the  dam. 
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APPEHDIX  B  -  PHOTOGRAPHS 


Plate  No. 

Photo  No. 

Description 

B1 

1 

Aerial  view  of  project.  High  Pool  Condition. 

2 

Aerial  view  of  project.  High  Pool  Condition. 

B2 

3 

Aerial  view  of  project.  High  Pool  Condition. 

4 

Aerial  view  of  project  during  ponding  of  the 
reservoir. 

B3 

5 

View  of  upstream  embankment  slope. 

6 

View  of  upstream  embankment  slope,  crushed 
rock  surfaced  service  road,  and  upstream 
slope  riprap  protection. 

B4 

7 

Overview  of  dam  crest,  downstream  slope,  and 
right  abutment 

8 

View  of  downstream  slope  of  the  dam. 

B5 

9 

View  of  upstream  embankment  slope,  crushed 
rock  surfaced  service  road,  riprap  slope 
protection,  and  outlet  works  intake  tower. 

10 

View  of  riprap  slope  protection  on  the  IV  on 

3H  upstream  embankment  slope. 

B6 

11 

View  of  riprap  slope  protection  on  right 
abutment  shoreline  area. 

12 

View  of  upstream  end  of  emergency  spillway. 

B7 

13 

View  of  emergency  spillway  channel. 

14 

View  of  outlet  works  intake  structure. 

B8 

15 

View  of  outlet  works  intake  structure. 

16 

View  of  stilling  basin  structure  and  conduit 
portal. 

B9 

17 

View  of  hydraulic  jump  created  in  stilling  basin. 

18 

View  of  stilling  basin  and  discharge  channel. 

BIO 

19 

View  of  outlet  channel  from  crest  of  dam. 

20 

View  of  crushed  rock  surfaced  service  road 
during  construction. 

Bll 

21 

View  of  crushed  rock  surfaced  service  road 
during  construction. 

22 

View  of  outlet  end  of  downstream  valley  relief 
well  and  parallel  drain  pipe. 

B12 

23 

View  of  stilling  basin  and  locations  of  seepage 
drains . 

24 

View  of  2-inch  seepage  drain  just  upstream  of  the 
stilling  basin  structure. 

B13 

25 

View  of  4-inch  seepage  drain  installed  along  the 
left  crest  slope  of  the  stilling  basin. 

26 

View  of  dam  crest  and  paved  highway  which  runs 
along  the  crest  of  the  dam. 

B14 

27 

View  of  dam  crest  and  paved  highway  which  runs  along 
the  crest  of  the  dam. 
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APPENDIX  C  ~  mSTaUMKHTATIOg  PLATES 


Plate  No. 


Title 


Cl 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9 

CIO 

Cll 

C12 

C13 
C14 
Cl  5 
Clr, 


Instrumentation  Location  Plan 

Pore  Pressure  Piezometers  -  Line  A:  Station  14+00 

Pore  Pressure  Piezometers  -  Line  B:  Station  24+00 

Pore  Pressure  Piezometers  -  Line  C:  Station  28+00 

Pore  Pressure  Piezometers  -  Line  D:  Station  37+00 

Piezometer  Observations  -  Line  1 
Piezometer  Observations  -  Line  2 
Piezometer  Observations  -  Line  3 
Piezometer  Observations  -  Line  4 
Downstream  Toe  Piezometer  Observations 
Foundation  Settlement  Data  -  Vertical  Movement 
Crest  Movement  -  Longitudinal,  Transverse,  and 
Vertical  Movement 

Crest  Movement  Markers  -  Horizontal  Movement 
Intake  Structure  -  Vertical  Movement 
Conduit  Settlement  -  Profile 

Outlet  Works  -  Conduit  Vertical  Movement  Histories 
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PERTINEHT  DATA 
SITE  18 


1.  Reservoir  Data 


Dxainage  Area 
Permanent  Pool  Area 

Sediment  Storage 
Flood  Control  Capacity 
Below  Spillway  Crest 

2*  Embankment 

Type 

Crest  Elevation 
Maximum  Height  above 
Streambed 

Height  above  Valley  Floor 

Crest  Width 

Crest  Length 

Slope  Protection 

Wave  Erosion  Protection 

Seepage  Control 

Compacted  Fill  Quantities 
Berm  Fill  Quantities 

3.  Emergency  Spillway 

Type 

Side  Slopes 
Crest  Elevation 
Crest  Length 
Width  (Bottom) 

Leng th 
Excavation 

4.  Borrow 

Quantity 

5.  Outlet  Works 

Type  Inlet 
Service  Gate 

Conservation  Pool  Outlet 


88.7  square  miles 
1,800  acres  at  El. 1284.0 
(Conservation  Pool) 
13,250  acre-feet 

14.9  inches  of  runoff 


Homogeneous  rolled  fill 
1320.0  feet  m.s.l. 

80  feet 
68  feet 
32  feet 

Approximately  5,200  feet 

Grass 

Riprap 

Pervious  vertical  drain  with 
intermittent  outlets 
Approximately  2,524,400  cubic  yards 
Approximately  297,400  cubic  yards 


Uncontrolled,  grassed,  earth 
channel 
IV  on  3H 

1311.0  feet  m.s.l. 

300  feet 
200  feet 

Approximately  1,900  feet 
Approximately  607,000  cubic  yards 


Approximately  2,147,000  cubic  yards 


Concrete  Drop 

4’x6’  Vertical  Lift,  Hand  Operated, 
Bottom  Elevation  1274.0  feet  m.s.l. 
2  -  3.5'xl2’,  1284.0  feet  m.s.l. 
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5*  Outlet  Works  Coat’d 


Water  Rights  Gate 


Conduit  Type,  Size,  and  Length 
Seepage  Control 
Stilling  Basin 
Outlet  Channel 
Length 

Excavation  Quantity 
Discharge  Capacity 

@  Pool  El.  1311.0  feet  m.s.l. 


10"  Diameter  Vertical  Lift,  Hand 
Operated,  Bottom  Elevation 
1276.3  feet  m.s.l. 

1  -  72"  0  RCP  x  408'  long 
Five  Seepage  Diaphrams 
Saint  Anthony  Falls  Type 

1,100  feet 
91,000  cubic  yards 

1 ,320  c.f .s. 


6.  Downgtreaa  Discharges.  Assuming  the  service  outlet  is  50  percent  opera¬ 
tive,  the  maximum  discharge  downstream  from  the  reservoir  would  be  660  c.f.s. 
for  the  Reservoir  Design  Flood,  which  is  well  within  the  bankfull  capacity  of 


2,700  c.f.s.  In  the 

event  of  a  probable  maximum 

flood 

occurrence,  the 

maximum  outflow  would 

be  4,800  c.f.s.  and  would 

exceed 

the 

downstream 

capacity  for  a  period  of 

several  days. 

7.  Pertinent  Storage  Levels. 

Elevation 

Area 

Storage 

feature 

Ft.  MSL 

Acres 

A.F. 

Top  of  Dam 

1320.0 

4,460 

133,966 

Embankment  Design  Flood 

1317.3 

4,207 

122,283 

Spillway  Crest 

1311.0 

3,640 

97,556 

Reservoir  Design  Flood 

1295.1 

2,466 

49,491 

Conservation  Pool 

1284.0 

1,780 

25,994 

Sediment  Pool 

1275.7 

1,272 

13,250 

Gated  Outlet 

1274.0 

1,160 

11,224 

The  100-year  sediment 

allowance  is  13,250  acre-feet 

.  This 

is 

an  average 

depth  of  2.8  inches  over  the  basin. 

8.  References .  For  additional  information  and  description  on  the  construc¬ 
tion  background,  operational  data,  or  procedures  regarding  this  dam  and  lake, 
reference  is  made  to  the  "Branched  Oak  Dam  and  Reservoir,  Operation  and 
Maintenance  Manual,"  dated  July  1981;  "Design  Memorandum  No.  MSC  20,  Branched 
Oak  Dam  and  Reservoir,"  dated  June  1965;  "Periodic  Inspection  Reports," 
dated  July  1968,  September  1969,  November  1970,  July  1972,  October  1974  and 
October  1979;  and  "Plans  and  Specifications  for  Branched  Oak  Dam  and 
Reservoir,"  March  1966. 
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SALT  CREEK  AHD  TRIBUTARIES 
BRANCHED  OAK  DAM  AND  LAKE 
SITE  18 

RAYMOND,  NEBRASKA 

EMBANKMENT  CRITERIA  AND  PERFORMANCE  REPORT 
1.  INTRODUCTION . 

1.1.  Purpose  of  Report.  This  report  provides  a  summary  record  of 

significant  design,  construction,  and  operational  data  on  Branched  Oak  Dam 
for  use  by  engineers  to  familiarize  themselves  with  the  project,  reevaluate 
the  embankment  when  unsatisfactory  performance  occurs,  and  provide  guidance 
for  designing  comparable  future  projects.  It  was  prepared  in  accordance  with 
MRD-R  1110-1-8,  subject:  "Construction  Foundation  Reports  and  Embankment  Cri¬ 
teria  and  Performance  Reports,"  dated  27  February  1978  and  ER  1110-2-1901, 
subject:  "Embankment  Criteria  and  Performance  Reports,"  dated  31  December 

1981. 

1.2.  Authorization  and  Purpose  of  Project.  Project  authorization  was 
provided  by  Public  Law  85-500,  85th  Congress,  commonly  referred  to  as  the 
"Flood  Control  Act  of  1958."  Authority  was  granted  to  construct  a  flood  con¬ 
trol  project  on  Salt  Creek  and  Tributaries,  Nebraska,  essentially  in  accord¬ 
ance  with  the  report  of  the  Chief  of  Engineers  contained  in  House  Document 
396,  84th  Congress,  2nd  Session.  Branched  Oak  Dam  is  one  of  the  features  of 
the  authorized  project.  The  dam  was  designed  and  constructed  by  the  Corps  of 
Engineers  as  part  of  a  system  of  10  dams  and  reservoirs  on  the  tributaries  of 
Salt  Creek  above  the  City  of  Lincoln,  Nebraska,  for  flood  control,  fish  and 
wildlife  conservation,  and  recreation.  The  permanent  pool  is  maintained  and 
operated  for  fish  and  wildlife  conservation  and  recreation  by  the  State  of 
Nebraska  Game  and  Parks  Connission  for  public  use. 

1.3.  Location  and  Description  of  Project.  Branched  Oak  Dam  is  located 
in  the  southeastern  part  of  Nebraska  in  Lancaster  County,  approximately 
4  miles  west  of  Raymond,  Nebraska.  See  the  Project  Location  Map,  Plate  Al, 


Appendix  A.  The  main  features  of  the  dam  consist  of  an  earth  embankment, 
grassed  emergency  spillway,  and  concrete  outlet  works  structure.  These  are 
located  as  shown  on  Plates  A2,  A3,  and  A4.  Aerial  views  of  the  completed 

project  are  shown  on  Plates  Bl  and  B2,  Appendix  B. 

1.4.  Project  Maintenance.  Major  repairs  of  the  embankment,  spillway, 
outlet  works  and  discharge  channel  are  the  responsibility  of  the  Corps  of 
Engineers.  The  Nebraska  State  Game  and  Parks  Commission  is  responsible  for 
routine  maintenance,  such  as  repair  of  minor  slope  erosion,  control  of 
burrowing  animals,  and  maintenance  of  grass  cover.  The  State  is  also 
responsible  for  maintaining  the  conservation  pool  for  fish  and  wildlife 
conservation  and  for  recreational  purposes. 

1.5.  History  of  Project  Design. 

1.5.1.  Survey  Report.  The  initial  recommendations  for  construc¬ 
tion  of  a  system  of  dams  on  tributaries  of  the  Salt  Creek  were  made  in  the 
"Survey  Report  on  Flood  Control  for  Salt  Creek  and  its  Tributaries,  Nebraska 
and  its  Supplements"  dated  January  1953.  This  report  formed  the  basis  for 
Congressional  authorization. 

1.5.2.  General  Design.  In  December  1960,  the  "General  Design 
Memorandum,"  No.  MSC-1,  was  submitted  to  higher  authority.  The  report 
updated  the  survey  report  in  terras  of  economic  feasibility  and  provided  an 
overall  general  design  of  the  multi-dam  Salt  Creek  Project. 

1.5.3.  Pinal  Design.  Final  design  of  Branched  Oak  Dam  (Site  18) 
is  covered  in  Design  Memorandums  MSC-20,  Branched  Oak  Dam  and  Reservoir,  and 
MSC-20,  Supplement  A,  Revised  Section  V  -  Earthwork.  These  reports  present 
detailed  designs  of  the  earth  embankment,  emergency  (earthen)  spillway, 
outlet  works,  and  the  necessary  bridge,  road,  and  utility  alterations. 
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1.6.  History  of  Project  Construction.  Branched  Oak  Dam  was  con¬ 
structed  by  contract,  under  the  supervision  of  the  Corps  of  Engineers,  Omaha 
District.  Contract  No.  DA25— 066-CIVENG-66-0127 ,  Branched  Oak  Dam  and 
Reservoir,  was  advertised  on  1  March  1966  and  bids  were  opened  7  April  1966. 
Brandt  Construction  Incorporated  and  John  H.  Brandt  ( in  a  joint  venture)  were 
awarded  the  contract.  The  contract  bid  was  $1,447,604,  which  was  $231,194 
below  the  Government  Estimate.  Final  payment  though,  amounted  to  $1,459,017 
due  to  modifications  to  the  contract  and  payment  of  actual  quantities. 

Work  on  the  project  was  ordered  to  proceed  by  10  May  1966,  and  was 

completed  in  two  construction  seasons,  with  a  final  completion  date  of 

31  December  1967.  In  the  first  construction  season  (August  1966  to  November 
1966),  the  contractor  was  required  to  complete  the  outlet  works  Intake 
structure  to  elevation  1280.0,  and  the  right  and  left  abutment  sections  of 

the  dam  embankment  to  a  minimum  elevation  of  1272.0.  Also,  from  a  point 
200  feet  right  to  200  feet  left  of  centerline  of  the  outlet  works,  (Sta. 
39+20  to  43+20),  the  crest  was  to  be  constructed  to  elevation  1320.0.  The 
purpose  of  this  was  to  obtain  practically  all  of  the  foundation  settlement 
under  the  conduit  pipe  and  the  intake  structure  prior  to  the  start  of  the 

second  construction  season  (April  1967  to  November  1967).  Closure,  seeding, 
completion  of  the  embankment,  and  remaining  work  was  completed  during  the 
second  construction  season. 

Additional  improvements  to  the  dam,  since  its  original  construction,  are 
discussed  in  section  10.4.  in  this  report. 

2 .  GEOLOGY .  The  Salt  Creek  drainage  basin  is  located  primarily  in 
Lancaster  County  in  eastern  Nebraska  and  lies  entirely  within  the  Dissected 
Till  Plains  Section  of  the  Central  Lowlands  Physiographic  Province.  Pleis¬ 
tocene  and  Pliocene  deposits  of  glacial,  interglacial  and  eolian  origin 
overlie  bedrock,  which  is  at  a  maximum  depth  of  over  200  feet,  although  in 
some  localized  areas,  the  bedrock  occurs  at  relatively  shallow  depths. 


Bedrock  under  the  greater  portion  of  the  basin  is  the  Dakota  Group  sandstone 
and  shales  of  Cretaceous  age,  with  some  Permian  limestone  and  shales  in  the 
southeastern  portion  of  the  basin  and  Pennsylvanian  limestone  and  shales  in 
the  northeastern  portion  of  Lancaster  County.  In  the  damsite  area,  a  typical 
section  of  the  deposits  in  descending  order  are  as  follows:  Peorian  Loess 
Formation,  Loveland  (loess-clay)  Formation,  Kansan  Glacial  Drift,  Aftonian 
(interglacial)  Formation,  the  Grand  Island  Formation,  the  Seward  Formation, 
and  the  Nebraskan  Glacial  Drift.  In  general,  the  Salt  Creek  basin  is  an 
eroded  and  dissected  till  plain  which  was  covered  by  two  eolian  deposits,  the 
Loveland  (loess-clay)  Formation  and  the  Peorian  Loess  Formation.  Post- 
Loveland  erosion  removed  most  of  the  Loveland  and  the  remaining  Loveland  was 
subsequently  covered  by  the  younger  Peorian  Loess.  In  many  places, 
especially  in  the  western  half  of  the  basin,  all  the  loess,  both  the  Loveland 
and  Peorian,  was  removed  by  erosion  exposing  the  underlying  glacial  drift. 
In  a  few  local  areas,  notably  in  the  eastern  part  of  Seward  County, 
southcentral  and  northeastern  part  of  Lancaster  County,  and  southeast  part  of 
Saunders  County,  all  of  the  Pleistocene  deposits  have  been  removed  by  erosion 
exposing  the  underlying  bedrock. 

3.  FOUND  ATI OB  INVESTIGATION . 


3.1.  Subsurface  Exploration.  A  total  of  79  borings,  20  to  100  feet 
deep,  were  drilled  to  determine  soil  characteristics  for  general  and  specific 
design  studies  of  this  site.  These  consisted  of  19  borings  within  the  flood- 
plain  alluvium  foundation  area,  29  borings  within  spillway  and  abutment 
areas,  16  borings  within  possible  borrow  areas,  and  15  borings  within  possi¬ 
ble  recreation  development  areas.  The  locations  and  identifying  numbers  of 
these  borings  are  shown  on  Plate  A4.  Disturbed  moisture  and  classification 
samples  were  taken  from  each  boring  at  every  change  in  material  and  at  inter¬ 
vals  not  greater  than  5  feet  in  depth.  Disturbed  sack  samples  were  taken  of 
representative  spillway  and  borrow  area  materials,  and  undisturbed  Shelby  sam¬ 
ples  were  taken  of  representative  embankment  foundation  materials.  Standard 
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penetration  tests  were  also  taken  at  those  borings  which  were  within  the 
embankment  flood  plain  foundation  and  outlet  works  areas.  Logs  of  the 
borings  are  shown  on  Plates  A6  through  A15. 


3.2.  Foundation  Conditions.  The  valley  foundation  soils  at  this  site 
consisted  primarily  of  clay  alluvium  derived  from  Kansan  and  Nebraskan 

glacial  drift  clay,  and  from  Aftonian  formation  silts  and  sands,  and  clay 

silt  loess.  The  alluvium  underlain  by  the  Grand  Island  and  Seward 

Formations,  was  primarily  classified  as  lean,  sandy,  and  fat  clay  (CL  and 
CH).  In  the  left  abutment  and  spillway  area,  in  descending  order,  the  soils 
were  composed  of  a  loess  mantle,  Kansan  drift,  and  Nebraskan  drift.  The 

loess  was  classified  as  lean  and  sandy  clay  and  silt  (CL,  CH,  and  ML).  It 

was  described  as  stiff  and  medium  dense,  moist  and  brown,  and  about  20  feet 
thick.  The  Kansan  drift  was  classified  primarily  as  lean  and  sandy  clay  (CL 
and  CH)  with  some  sand  and  was  about  30-40  feet  thick.  It  was  described  as 
medium  stiff  to  stiff,  moist,  red-brown  and  brown.  The  Nebraskan  drift  was 
classified  as  fat  and  sandy  clay  and  silt  (CH,  CL,  and  ML).  It  was  described 
as  very  stiff  to  hard,  moist  to  wet  and  gray  in  color.  In  the  right  abutment 
the  loess  mantle  was  absent  and  the  Aftonian  formation  was  present  between 
the  Kansan  and  Nebraskan  drift.  It  was  described  as  stiff,  medium  dense, 
moist,  light  gray,  and  was  classified  as  silt  (ML).  The  general  soil  and 

geologic  profile  is  shown  on  Plate  A5.  Specific  soil  characteristics  and 

laboratory  classification  within  definite  areas  are  shown  on  the  subsequent 
plates  of  boring  logs  Nos.  A6  through  A15. 

4.  FOPHDATTOW  PREPARATION.  Before  work  began,  all  vegetation,  such  as 

brush,  heavy  sod,  heavy  growth  of  grass,  and  all  decayed  vegetable  matter, 
rubbish,  road  surfacing,  and  other  unsuitable  material  within  the  area  upon 
which  fill  was  to  be  placed  was  required  to  be  removed.  After  completion  of 
the  clearing  and  stripping,  all  depressions  were  filled  and  steep  slopes  flat¬ 
tened.  After  filling  the  depressions,  and  Immediately  prior  to  the  placement 
of  embankment  fill,  the  foundation  was  required  to  be  loosened  thoroughly  by 
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scarifying,  plowing,  or  harrowing  to  a  depth  of  4  inches.  After  the  removal 
of  roots  or  other  debris  turned  up  in  the  loosening  process,  the  foundation 
was  compacted  in  preparation  for  placement  of  fill  material. 

5.  KMBAMMgW.  A  discussion  of  the  design  and  construction  of  the  embank¬ 
ment  is  presented  in  the  following  sections.  It  includes  a  description  of 
the  embankment  section  and  materials,  the  design  shear  strengths,  stability 
analyses,  seepage  control,  and  general  construction  of  the  embankment. 


5.1.  Embankment  Section.  The  embankment  is  a  rolled,  homogeneous, 
impervious  earthfill  with  a  pervious  embankment  drain  consisting  of  a  contin¬ 
uous  vertical  drain  with  intermittent  horizontal  outlets.  It  has  a  crest 
length  of  5,200  feet  and  a  crest  width  of  32  feet.  It  is  68  feet  high  and 
has  a  crest  elevation  of  1320.0  feet  m.s.l. 


The  slopes  of  the  embankment  are  as  follows: 


Upstream 


1  on  3,  1  on  5,  1  on  3 
1  on  3 
1  on  10 
1  on  3 


1300-1320 

1280-1300 

1265-1280 

ground-1265 


Downstream 


1  on  3 
1  on  5 


1288-1320 

ground-1288 


See  Plates  A16  and  A17  for  typical  embankment  sections  and  details,  and 
Plates  B3  and  B4  for  views  of  the  embankment  slopes  and  crest. 

5.2.  Embankment  Materials. 


5.2.1.  Earthfill.  The  embankment  was  constructed  primarily  of 
loess  and  glacial  drift  material  from  spillway  excavation,  abutment  area 
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borrow,  and  alluvium  from  upstream  borrow.  This  material  provided  a  rela¬ 
tively  impervious  embankment  section  consisting  of  2,524,400  cubic  yards  of 
homogeneous  rolled  earth  fill  and  an  additional  297,400  cubic  yards  of  fill 
in  the  upstream  berm. 

5.2.2.  Embankment  Drain  Pilter  Material.  The  embankment  drain 

filter  material  consisted  of  washed  sand,  gravel,  or  crushed  stone  well 
graded  between  the  following  limits: 

Sieve  Size 

3/4  inch 
No.  4 
No.  16 
No.  200 

5.2.3.  Slope  Protection.  Wave  action  on  the  upstream  face  of 

the  embankment,  in  the  range  of  the  permanent  pool,  is  dissipated  on  20 

inches  of  riprap,  placed  on  6  Inches  of  spalls,  which  is  placed  over  6  inches 
of  bedding.  Other  embankment  and  excavation  slopes  are  protected  by  a  grass 
cover,  except  for  the  IV  on  10H  slope  of  the  upstream  berm,  between  elevation 
1270  and  1280  which  is  protected  by  a  12-inch  layer  of  gravel.  See  Plate  Al7 
and  Plates  B5  and  B6  for  sections,  details,  and  views  of  the  slope 

protection. 

5. 2. 3.1.  Riprap.  Riprap  wave  protection  on  the  embank¬ 
ment  and  around  the  intake  structure  is  a  quarried  limestone,  and 
specifications  required  it  to  be  free  of  thin  slabby  pieces  and  be  reasonably 
well-graded  between  the  following  limits: 


Weight  p< 

sr  Stone 

Percent 

of  Total  Weight 

Type  A 

Type  B 

Lighter 

than  or  Passing 

800  lbs. 

50  lbs. 

100 

200  lbs. 

20  lbs. 

35-55 

20  lbs. 

5  lbs. 

0-10 
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Quality  testing  of  the  riprap  material  consisted  of  Bulk.  Specific 
Gravity,  Soundness  in  Magnesium  Sulfate,  and  Soundness  in  Freezing  and 
Thawing. 

Type  A  riprap  was  used  between  elevations  1280.0  and  1300.0  and  was 
underlined  by  6  inches  of  spalls  placed  on  6  inches  of  bedding  material. 
Type  B  riprap  was  used  for  the  outlet  works  and  was  underlined  by  6  inches  of 
bedding  material. 

5. 2. 3. 2.  Spalls.  The  spalls  were  to  be  at  least  equal 
in  quality  of  the  stone  used  for  riprap  and  reasonably  well-graded  within  the 
following  limits: 


Sieve  Size 

4  inch 
1-1/2  inch 
3/4  inch 
No.  4 


Percent  by  Height  Paaait 

100 

55-85 

30-65 

0-10 


5. 2. 3. 3.  Bedding.  The  6-inch  bedding  layer  used  beneath 
the  riprap  and  spalls  consisted  of  sand  and  gravel  and  was  required  to  be 
reasonably  well-graded  between  the  following  limits: 


Sieve  Size 

3/4  inch 
No.  4 
No.  16 
No.  200 


Percent  by  Weight  Passir 

100 

80-95 

55-80 

0-10 


5. 2. 3. 4.  Gravel  Surfacing.  The  IV  on  10H  upstream  slope 
is  protected  by  a  12-inch  layer  of  gravel.  The  material  consisted  of  sand 
and  gravel  and  was  required  to  be  reasonably  well-graded  within  the  following 
limits: 


Sieve  Size 


3/4  inch 
No.  4 
No.  16 
No.  200 


Percent  by  Weight  Pegging 

100 

80-95 

55-80 

0-20 


5*3*  Embankment  Placement. 


5.3.1.  General »  Specifications  required  the  gradation  and 
distribution  of  materials  throughout  the  earthfill  section  of  the  dam  be  such 
that  the  embankment  would  be  free  from  lenses,  pockets,  streaks,  and  layers 
of  material  differing  substantially  in  texture  or  gradation  from  surrounding 
material . 


5.3.2.  Compacted  Embankment  Fill.  The  more  impervious  fill 
materials  were  placed  toward  the  upstream  section  of  the  embankment,  and  the 
more  pervious  of  the  fill  materials  were  placed  toward  the  downstream  section 
of  the  embankment,  so  that  a  transition  in  permeability  was  affected  from  the 
upstream  to  the  downstream  portions  of  the  embankment. 

After  dumping,  the  material  was  spread  in  approximate  horizontal  layers 
over  fill  areas.  The  layers  were  6  inches  thick  or  less  after  compaction  and 
had  moisture  contents  ranging  from  2  percent  above  optimum  to  4  percent 
below.  Before  compaction,  each  layer  of  fill  was  harrowed,  if  needed,  to 
break  up  and  blend  materials  and  to  obtain  uniform  moisture  content.  If  one 
pass  of  the  harrow  did  not  break  up  or  blend  the  materials  sufficiently,  addi¬ 
tional  passes  were  performed,  but  no  more  than  three  passes  were  required. 
Each  6-inch  layer  of  material  was  compacted  to  at  least  95  percent  of  the 
maximum  density  as  determined  by  the  Standard  AASH0  method,  T99,  Method  D. 
Portions  of  the  fill  which  could  not  be  compacted  with  rollers  because  of 
space  restrictions,  were  placed  In  4-inch  loose  lift  layers  and  compacted 
with  power  tampers  to  the  same  degree  of  compaction  as  that  obtained  on  other 
portions  of  the  fill. 


During  construction,  over  1,100  field  compaction  control  tests  were 
taken  during  the  periods  of  August  1966  to  November  1966  (1st  Construction 
season),  and  April  1967  to  November  1967  (2nd  Construction  season).  A 
summary  of  the  tests  is  given  in  the  following  table. 

-  SUMMARY  OF  FIELD  COMPACTION  CONTROL  TESTS  - 


TYPE  TEST 

RANGE 

MOST  PREDOMINANT 

MAXIMUM  DRY  DENSITY 

95.2  - 

120.0 

100.1  -  104.7 

(PCF) 

PERCENT  COMPACTION 

94.2  - 

111.0 

97.0  -  102.4 

OPTIMUM  WATER  CONTENT 

12.2  - 

24.5 

17.0  -  22.3 

_ in _ 

LIQUID  LIMIT 

14 

63 

40  -  50 

PLASTIC  INDEX 

7 

46 

22  -  29 

5.3.3.  Embankment  Berm  Fill.  The  embankment  berm  was  con¬ 
structed  of  borrow  area  materials  in  12  inch  thick  layers.  Compaction  was 
accomplished  by  the  controlled  movement  of  the  construction  equipment  over 
the  fill  in  such  a  manner  as  to  obtain  the  maximum  amount  of  evenly  distrib¬ 
uted  compaction  possible.  Moisture  control  was  not  required  except  that  the 
upper  limit  of  the  moisture  content  was  that  which  permitted  the  movement  of 
construction  equipment. 

5.3.4.  Embankment  Drain  Filter  Material.  The  filter  material 
was  placed  in  8  inch  thick  layers  and  each  layer  was  thoroughly  compacted  by 
vibratory  plate  compactors.  The  material  was  placed  by  methods  which 
eliminated  the  mixing  of  earth  and  the  filter  material.  Filter  material 
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found  to  be  dirty  or  otherwise  contaminated  was  removed  and  replaced  at  no 
cost  to  the  government. 

5.3.5.  Slope  Protection  Placement . 

5. 3. 5.1.  Riprap.  The  riprap  was  placed  on  the  spall 
and  bedding  layers  so  as  to  produce  a  reasonably  well-graded  mass  of  rock 
with  a  minimum  percentage  of  voids.  A  tolerance  of  plus  or  minus  4  inches 
from  the  required  slope  lines  and  grades  was  allowed,  except  that  either 
extremes  of  such  tolerance  was  not  to  be  continuous  over  an  area  greater  than 
200  square  feet.  The  riprap  was  placed  to  its  full  course  thickness  in  one 
operation  and  in  such  a  manner  as  to  avoid  displacing  the  spall  layer  and  to 
minimize  segregation  of  the  riprap.  The  desired  distribution  of  the  various 
sizes  of  stones  throughout  the  mass  was  obtained  by  selective  loading  of  the 
material  at  the  quarry  site  and  by  controlled  dumping.  All  stone  was 
required  to  be  placed  by  means  of  a  clam,  orange  peel,  or  skip  box.  Dumping 
of  stone  at  the  top  of  the  slopes  and  rolling  or  pushing  them  into  place  was 
not  permitted. 

5. 3. 5. 2.  Spalls.  Specifications  required  that  the 
spalls  be  placed  on  the  bedding  layer  by  methods  which  would  obtain  the  best 
possible  graded  mass  of  uniform  thickness.  A  tolerance  of  plus  or  minus 
1  inch  was  permitted  in  areas  not  exceeding  200  square  feet. 

5. 3. 5. 3.  Bedding.  The  bedding  material  was  spread  uni¬ 
formly  on  the  prepared  base  by  methods  which  did  not  cause  segregation  of 
particle  sizes  within  the  bedding.  Compaction  of  the  bedding  layer  was  not 
required,  but  it  was  finished  to  present  a  reasonably  even  surface.  The  aver¬ 
age  thickness  was  required  to  be  within  plus  or  minus  1  inch  from  the  requir¬ 
ed  thickness  within  areas  not  exceeding  100  square  feet. 

5. 3. 5. 4.  Gravel  Surfacing.  Specifications  required  plac¬ 
ing  of  the  gravel  in  a  manner  which  would  prevent  segregation  of  particle 
sizes.  The  material  was  placed  in  one  layer  and  compacted  by  one  complete 
pass  of  a  crawler  type  tractor  weighing  not  less  than  20,000  pounds. 
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5.4.  Embankment  Sett latent.  A  total  foundation  settlement  of  approxi¬ 
mately  3.52  feet  was  estimated  to  occur  at  the  maximum  embankment  section. 
In  computing  the  settlement,  a  maximum  embankment  section  of  68  feet  high  was 
considered  to  bear  on  42  feet  of  compressible  valley  alluvium.  This  compress¬ 
ible  material  was  divided  into  a  6-foot  top  stratum  of  medium  stiff  to  stiff, 
primarily  lean  clay,  above  a  36-foot  thick  soft  to  medium  stiff  stratum  of 
lean,  sandy,  and  fat  clay. 

Time  settlement  studies  indicated  that  approximately  70  percent  of  con¬ 
solidation  would  occur  during  construction  and  the  remaining  30  percent  would 
occur  at  a  diminishing  rate  over  an  indefinite  period.  The  eral  inkment  was 
provided  with  a  1-foot  overbuild  to  compensate  for  the  continuing  settlement. 
Total  foundation  settlement  to  date  has  been  3.85  feet,  of  which  3.40  feet 
occurred  during  construction.  The  1-foot  overbuild  was  therefore  sufficient, 
since  only  0.45  feet  of  settlement  has  occurred  since  construction.  Foun¬ 
dation  settlement  gauges  indicate  that  the  rate  of  settlement  has  leveled  off 
and  is  now  negligible. 

5.5.  Laboratory  Testing.  Laboratory  tests  were  performed  on  represen¬ 
tative  disturbed  and  undisturbed  samples.  These  tests  consisted  of  the  fol¬ 
lowing:  (1)  mechanical  analyses,  Atterberg  limits,  and  moisture  determina¬ 
tions,  (2)  compaction  tests,  (3)  consolidation  tests,  (4)  triaxial 
compression  tests,  "Q"  and  "R,"  and  (5)  direct  shear  ”S”  tests.  Laboratory 
results  for  the  above  tests  are  given  on  Plates  A18  through  A25,  and  a 
discussion  of  the  triaxial  compression  and  direct  shear  tests  is  given 
below. 

5.5*1.  Triaxial  Compression  Tests.  Twenty-three  series  of  tri¬ 
axial  compression  tests,  "Q"  and  "R,"  were  performed  on  undisturbed  samples 
of  alluvium  foundation  and  remolded  embankment  material,  and  are  discussed 
below. 

5. 5. 1.1.  Undisturbed  Alluvium  Foundation.  Eleven  series 
of  "Q"  tests  on  alluvial  material,  along  with  a  study  of  drill  log  data, 


resulted  in  the  division  of  the  alluvium  into  stratums  A  and  B  for  "Q" 
strengths.  Stratum  A  is  the  top  8-foot  thickness.  It  is  stiff,  dry  to 
moist,  primarily  lean  clay.  Stratum  B  consisted  of  31  feet  of  alluvium  that 
ranged  from  soft  to  stiff,  moist  to  saturated,  silty,  sandy,  and  lean  clay, 
and  medium  to  stiff  fat  clay.  The  range  in  strengths  were  as  follows: 


Stratum  Depth-Ft. 


Tan  0 


Coh  -  T/SF 


A  0-8  0.13  to  0.40 

B  8-39  0.0  to  0.03 


0.55  to  1.60 
0.32  to  1.45 


Seven  series  of  “R"  tests  were  performed  on  the  alluvium.  The  alluvium 
was  not  divided  into  stratums  for  "R”  strengths.  The  range  in  strengths  were 
as  follows: 


Tan  t 

Coh 

-  T/SF 

0.19  to  0.25 

0. 

15  to  0.60 

5. 5.1. 2.  Remolded  Embankment 

Material.  Three  series  of 

"Q"  tests  and  two 

series  of  ”R"  tests  were 

performed  on  representative  embank- 

ment  materials  remolded  at  95  percent  of 

maximum 

density  and  2  percent  above 

optimum  moisture. 

The  resulting  strengths 

were  as  follows: 

Teat 

Sample 

Tan  # 

Coh-T/SF 

Q 

C-l,  Loess 

0.11 

0.90 

Q 

C-2 ,  Drift 

0.0 

1.32 

Q 

C-3,  Alluvium 

0.0 

1.30 

R 

C-2,  Drift 

0.21 

0.31 

R 

C-3,  Alluvium 

0.23 

0.30 

5.5.2 

.  Direct  Shear  Tests. 

Seven 

series  of  direct  shear  "S" 

tests  were  performed  on  undisturbed  alluvium  and  remolded  embankment 
materials.  The  strength  results  were  as  follows: 


Tan  0 


Coh-T/SP 


l 


Sample  Type 


Undisturbed 

0.52 

0.20 

Undisturbed 

0.65 

0.0 

Undisturbed 

0.35 

0.38 

Undisturbed 

0.57 

0.10 

Remolded  (C-l) 

0.44 

0.40 

Remolded  (C-2) 

0.43 

0.40 

Remolded  (C-3) 

0.41 

0.0 

5.5.3.  Adopted  Design  Values. 

After  evaluating 

all  the 

test 

results  the 

following  strengths  were  used  in 

design: 

ADOPTED  DESIGN  VALUES 

Unit  Weight 

“Q“  Case 

“R"  Case 

“S“  Case 

Material 

T/CF 

Coh  Tan# 

Coh  Tan? 

Coh 

Tan? 

Bouyant  Saturated 

T/SF 

T/SF 

T/SF 

Embankment 

0.0288  0.06 

1.0 

0.30  0.22 

_ 

0.45 

Foundation 
Stratum  "A" 

0.0288  0.06 

1.0 

0.25  0.21 

• 

0.50 

Stratum  "B" 

0.0268  0.058 

0.45 

0.25  0.21 

0.50 

5.6. 

Embankment  Stability. 

Stability 

analyses  were  performed  on 

both 

the  downstream  and  the  upstream  s 

lopes  at  the  maximum  embankment 

section 

posi- 

tioned  over 

the  greatest  depth  of 

relatively 

soft  foundation. 

5.6.1.  Method  of  Analyses.  The 

wedge  and  circular  arc  methods 

of  analyses 

were  used.  These  are 

patterned 

after  the  finite  slice  method 

out- 

lined  in  EM 

1110-2-1902,  Appendix  III,  dated  27  December  1960. 

The  analyses 

were  run  using  the  Omaha  District  RCA  301  Computer.  The 

most  critical 

failure  surface  was  found  by  trial  and  each  critical  case  was  then  checked 
manually.  The  computer  and  manual  results  were  in  close  agreement. 


5.6.2.  Design  Cages.  Embankment  stability  analyses  were  per¬ 
formed  for  the  end  of  construction,  steady  seepage,  partial  pool,  and  sudden 
drawdown  cases.  Stability  sections  and  their  respective  factors  of  safety 
for  the  design  cases  are  shown  on  Plates  A26,  A27,  and  A28. 
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5. 6. 2.1.  End  of  Construction.  This  case  was  run  using 

both  the  circular  arc  and  the  wedge  method  of  analyses.  Instantaneous  place¬ 
ment  of  the  embankment  was  assumed  and  the  computed  factors  of  safety  were 
1.24  and  1.26  respectively.  These  factors  are  slightly  lower  than  the  1.3 

specified  in  EM  1110-2-1902.  However,  from  experience  of  previous  Salt  Creek 

Dams,  it  was  known  that  during  the  2-year  construction  period  the  consolida¬ 
tion  of  the  foundation  due  to  the  embankment  load  would  result  in  an  increase 
in  strength  to  the  extent  that  it  was  felt  that  the  factor  of  safety  would  be 
above  1.5.  Therefore,  for  this  case,  the  values  were  considered  adequate. 

5. 6.2. 2.  Steady  Seepage  Case.  The  downstream  slope  was 
analyzed  by  the  circular  arc  method  assuming  the  pool  at  the  spillway  level 
and  the  pervious  drain  operative.  The  "R"  and  "S”  shear  strengths  were  used 
in  separate  computations  to  determine  a  range  of  stability  values.  The 
respective  minimum  factors  of  safety  were  1.32  and  1.78. 

5. 6. 2. 3.  Partial  Pool.  The  upstream  slope  was  studied 
for  the  critical  pool  elevation  of  1274.0  (low  level  gated  outlet  elevation). 
The  saturation  line  was  assumed  horizontal  at  each  pool  level.  The  ”R"  shear 
strengths  were  used  in  the  computations  and  the  minimum  factor  of  safety  was 
1.54. 

5. 6. 2. 4.  Sudden  Drawdown.  The  upstream  slope  stability 
was  analyzed  assuming  Instantaneous  drawdown  from  the  pool  at  spillway  level, 
elevation  1311.0,  to  the  permanent  pool  at  elevation  1284.0.  The  "R"  shear 
strengths  were  used  and  the  minimum  factor  of  safety  was  1.44. 

5.6«3.  Su— nry .  As  can  be  seen  in  the  following  table,  all 
factors  of  safety  considered  critical  were  either  very  close  to  or  exceeded 
those  required  In  the  stability  manual.  Those  which  were  less  than  that 
required  and  still  considered  adequate  were  the  result  of  engineering 
judgment  and  experience  with  similar  situations. 
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STABILITY  ANALYSES 


Case 

Shear  Strength 

Minimum  Required 
Factor  of  Safety 

Computed 
Factor  of 
Safety 

End  of  Construction 

Q 

1.3 

1.24* 

Steady  Seepage 

R 

1.4 

1.32** 

Steady  Seepage 

S 

1.4 

1.78 

Partial  Pool 

R 

1 .  5 

1.54 

Sudden  Drawdown 

R 

1.2 

1.44 

*See  discussion  in  section  5. 6. 2.1. 

**The  1.32  factor  of  safety  for  the  "R"  strength  was  considered  adequate 
when  bracketed  with  the  higher  "S”  case  factor  of  safety  of  1.78. 

5.7.  Seepage  Control. 

5.7.1.  Embankment.  Seepage  through  the  embankment  was  con¬ 
sidered  negligible  due  to  the  relatively  low  permanent  pool,  the  infrequent 

interval  and  short  duration  of  higher  pools,  and  because  of  the  impervious 

nature  of  the  embankment.  An  embankment  seepage  control  internal  drain  con¬ 
sisting  of  32,583  cubic  yards  of  compacted  pervious  material,  with  outlets, 
prevents  eventual  saturation  of  the  downstream  embankment  slope  under  all 

normal  long  term  seepage  conditions.  The  drain  is  3-feet  wide  with  a  top 
elevation  of  1311.0  (Spillway  Crest  Elevation).  It  is  located  10  feet  down¬ 
stream  from  the  embankment  centerline  and  has  outlets  at  50-foot  intervals 
throughout  the  embankment  section.  See  Plate  A16  for  typical  sections  of  the 
embankment  drain. 


5.7.2.  Foundation.  An  analysis  of  foundation  seepage  was  made 
using  a  method  developed  by  Mr.  P.  T.  Bennett  and  published  in  the  proceed¬ 
ings  of  ASCE  Vol.  Ill,  1946,  entitled,  "The  Effect  of  Blankets  on  Seepage 
Through  Pervious  Foundations."  The  analysis  was  performed  at  the  maximum 
embankment  section  with  a  pool  elevation  of  1311.0  (Spillway  Crest 
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Elevation).  The  depth  of  the  semi-impervious  blanket  was  assumed  to  be  40 
feet  and  extend  infinitely  both  upstream  and  downstream.  The  depth  of  the 
pervious  sand  was  considered  as  20  feet.  In  determining  the  effective  length 
of  semi-impervious  blanket,  ratios  of  coefficients  of  permeability  of  blanket 
to  that  of  underlying  sands  (Kf/Kb)  were  assumed  as  1,000  upstream  and  800 
downstream.  A  gradient  factor  of  safety  of  1.63  was  obtained  at  the 
downstream  toe  of  the  embankment.  The  minimum  allowable  gradient  factor  of 
safety  was  1.5,  therefore,  underseepage  control  (such  as  relief  wells)  was 
not  required. 


5.7.3.  Abu fen t.  Seepage  was  not  considered  a  problem  because 
of  the  adequate  impervious  cover  which  exists  over  the  sands  in  the 
abutments. 


5.8.  Diversion  and  Closure.  A  system  of  temporary  dikes  and  channels 
as  shown  on  Plate  A29,  were  used  to  divert  the  stream  flows  into  a  temporary 
channel  constructed  through  the  embankment  area.  Specifications  required  the 
embankment  closure  section  to  be  constructed  to  elevation  1274.0  within  6 
days  after  the  start  of  closure  operations  and  to  elevation  1288.0  within  10 
days.  The  embankment  at  elevation  1288.0  then  provided  sufficient  pool 
volume  to  contain  the  runoff  from  a  100-year  flood  occurrence  probability 
with  about  5  feet  of  freeboard. 

6 .  EMERGENCY  SPILLWAY .  The  emergency  spillway  is  a  grass-lined,  uncon¬ 
trolled,  earth  cut  channel.  It  is  located  in  the  left  abutment,  approxi¬ 
mately  2100  feet  from  the  embankment.  It  has  a  slightly-curved  alignment,  is 
200-feet  wide,  and  1900- feet  long.  The  spillway  has  a  300-foot  long  flat 
crest  at  elevation  1311.0  at  its  upstream  entrance,  and  a  0.2  percent  down¬ 
stream  bed  slope.  Side  slopes  are  IV  on  3H.  Total  spillway  excavation  was 
approximately  607,000  cubic  yards.  The  spillway  plan  and  section  are  shown 


on  Plate  A30, 

and  views  of  the 

spillway  are 

shown  on 

Plates 

B6 

and  B7 . 

As  stated 

in  General  Design 

Memorandum,  MSC 

-1,  "Salt 

Creek 

and 

its  Tri- 

butaries,"  the 

spillway  channel 

must  be  wide 

enough  to 

pass 

the 

Standard 
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Project  Flood  routed  5  days  after  a  Reservoir  Design  Flood  (5  inches  of 

runoff),  with  outlets  assumed  to  be  50  percent  operative  and  spillway 

velocities  not  to  exceed  8  feet  per  second.  The  8  feet  per  second  limiting 

velocity  was  established  as  the  velocity  below  which  serious  erosion  would 
not  occur.  This  criteria  was  far  exceeded  since  the  Standard  Project  Flood 
routed  in  the  above  manner  would  fail  to  reach  the  spillway  crest  by  more 

than  10  feet. 

7.  OUTLET  WORKS.  The  outlet  works  consist  of  an  intake  structure,  conduit, 
stilling  basin,  and  outlet  channel.  Sections  and  details  of  the  outlet  works 
are  shown  on  Plates  A31  through  A39  and  views  of  these  structures  are  shown 
on  Plates  B7  through  BIO. 

7.1.  Intake  Structure.  The  intake  structure  is  a  reinforced  concrete 
box  shaft  with  6-foot  by  12-foot  inside  dimensions  and  is  commonly  referred 
to  as  a  drop  inlet  structure.  The  structure  has  a  4-foot  by  6-foot  manually 
operated  gated  opening  located  in  the  upstream  side  with  a  crest  elevation  of 
1274.0.  The  purpose  of  the  gated  opening  is  to  lower  the  level  of  the  conser¬ 
vation  pool  in  order  to  inspect  the  conduit,  make  shoreline  repairs,  and 
control  fish  population.  A  water  rights  gate  was  recently  constructed  into 
the  intake  structure  and  is  used  to  release  water  for  downstream  needs.  See 
section  10.4.4.  in  this  report  for  more  information  concerning  the  water 
rights  gate.  There  are  also  two  ungated  openings  in  the  intake  structure, 
each  3.5  feet  by  12.0  feet  with  crest  elevations  of  1284.0  (Normal  Operating 
Pool  Elevation). 

7.2.  Conduit.  The  conduit  consists  of  a  monolithic  reinforced 
concrete  pipe  72  inches  in  diameter  and  408-feet  long.  Experience  has  shown 
that  piping  due  to  seepage  is  more  likely  to  occur  along  the  conduit  than  in 
any  other  location  in  or  under  the  embankment.  Therefore,  in  order  to 
eliminate  the  possibility  of  piping,  five  seepage  diaphragms  were  attached  to 
the  conduit.  They  are  located  near  the  axis  of  the  dam  with  spacing  between 
diaphragms  of  approximately  40  feet. 


18 


7.3.  Stilling  Basin  and  Outlet  Channel.  The  stilling  basin  is  a  Saint 
Anthony  Falls  parabolic  drop  inlet  type  structure  constructed  of  reinforced 
concrete.  An  outlet  channel  extends  downstream  from  the  stilling  basin 
approximately  1,200  feet  to  the  original  creek  channel.  The  first  80  feet  of 
the  channel  downstream  of  the  stilling  basin  is  protected  with  riprap.  The 
first  70  feet  having  15  inches  of  riprap  placed  on  6  inches  of  bedding  and 
the  remaining  10  feet  having  30  inches  of  riprap  placed  on  6  inches  of 
bedding.  The  remainder  of  the  channel  Is  protected  by  a  grass  cover.  Exca¬ 
vation  of  the  channel  was  approximately  91,000  cubic  yards. 

8.  INSTRUMENTATION  AMD  RESPONSE. 


8.1.  General.  Instrumentation  for  Branched  Oak  Dam  and  Reservoir  con¬ 
sists  of  28  pore  pressure  piezometers,  32  open  tube  type  (downstream)  pie¬ 
zometers,  A  foundation  settlement  gauges,  7  crest  movement  markers,  8 
vertical  movement  inserts,  and  a  reservoir  stage  recorder.  Details  of  the 
instrumentation  are  given  in  the  following  sections. 

8.2.  Pore  Pressure  Plezoaetera.  Twenty-eight  pore  pressure  piezome¬ 
ters  were  installed  at  Branched  Oak  Dam  in  cross  sections  A,  B,  C,  and  D 
through  the  embankment  as  shown  on  Plate  Cl.  The  purpose  of  these 
piezometers  Is  to  monitor  pore  pressure  response,  migration,  and  dissipation 
during  and  after  embankment  construction.  Twenty-four  of  these  piezometers 
reach  into  the  alluvium  foundation.  Four  piezometers,  one  in  each  cross 
section,  were  installed  near  the  embankment  centerline  with  their  tips  set  in 
fill  near  the  base  of  the  embankment.  These  four  have  always  been  dry  with 
the  exception  of  some  seepage  water  draining  down  along  the  outside  of  the 
pipes  from  the  manholes  to  the  piezometers.  This  condition  was  eliminated 
when  drains  were  installed  in  all  four  of  the  crest  manholes  in  1977.  Of  the 
original  28  piezometers  21  are  currently  operable  and  their  water  levels  are 
read  approximately  every  three  months.  The  other  seven  piezometers  were 
installed  on  the  upstream  slope  of  the  dam  below  the  normal  pool  level  and 
have  been  under  water  since  early  1969.  Plots  of  all  the  piezometer  readings 
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are  shown  on  Plates  C2  through  C5.  The  readings  indicate  generally  good 
response  and  in  the  expected  range  for  these  piezometers. 


8.3*  Open  Tube  Type  Piezometers.  There  are  32  open  tube  type  piezo¬ 
meters  scattered  throughout  the  downstream  area  of  the  dam.  Plots  of  the 

water  level  readings,  depths  and  locations  of  the  piezometers  are  shown  on 
Plates  C6  through  CIO.  Pressure  tests  of  the  piezometers  in  1977  indicate 
that  all  the  piezometers  are  functional  and  respond  well.  Readings  indicate 
that  the  water  levels  are  within  the  expected  range  for  these  piezometers. 

8. A.  Foundation  Settlement  Gauges.  There  are  four  foundation  settle¬ 
ment  gauges  located  along  the  centerline  of  the  dam  on  piezometer  lines  A,  B, 
C,  and  D  as  shown  on  Plate  Cll.  The  maximum  settlement  has  been  at  gauge 
C-10U  and  is  about  3.85  feet  with  approximately  3.4  feet  of  the  settlement 
occurring  during  construction.  All  points  appear  to  have  a  similar  rate  of 
settlement,  and  recent  readings  indicate  that  the  rate  of  movement  lias 

leveled  off. 

8.5.  Crest  Movement  Markers.  Seven  crest  movement  markers  were  placed 
at  600-foot  intervals  along  the  downstream  edge  of  the  crest  as  shown  on 
Plate  C12. 

Because  of  the  erratic  plots  of  transverse  movement  shown  on  Plate  C12, 
the  accuracy  of  the  line  of  sight  method  of  surveys  normally  used  was 

questionable,  and  therefore,  was  replaced  by  a  coordinate  method  of  surveys. 
Initial  surveys  in  1977  and  surveys  in  1980,  using  the  coordinate  method, 
indicate  slight  downstream  movement  as  can  be  seen  on  Plate  C13. 

The  maximum  settlement  occurs  at  point  MI-2  which  is  over  the  valley 

alluvium  near  the  right  abutment,  and  is  approximately  0.69  feet.  The  maxi¬ 
mum  differential  settlement  between  points  occurs  between  MI-1  and  MI-2  and 
is  approximately  0.73  feet.  Overall,  the  movement  plots  of  these  points, 
given  on  Plate  C12,  indicate  a  very  uniform  settlement  along  the  embankment 
except  at  point  MI-2. 
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8.6.  Intake  Structure  Movement.  Four  movement  Insert  markers  are 
located  In  the  top  of  the  Intake  structure  as  shown  on  Plate  C14.  Vertical 
movement  surveys  have  been  taken  six  times  since  the  original  readings  were 
taken  In  January  1968.  Plots  of  these  surveys,  shown  on  Plate  C14,  indicate 
a  small  and  uniform  settlement  of  the  structure,  having  less  than  0.10  feet 
total  settlement.  This  stability  is  credited  to  its  firm  foundation  of  stiff 
to  very  stiff  sandy  and  lean  clay  glacial  drift. 

8.7.  Conduit  Movement.  Surveys  of  conduit  movement  are  shown  on  Plates 
C15  and  C16.  With  the  exception  of  initial  settlement  during  construction, 
little  conduit  movement  has  taken  place.  Surveys  since  March  1967  have  shown 
less  than  1  inch  of  differential  movement  and  have  shown  no  overall  trend  for 
the  conduit  to  move  either  up  or  down.  This  stability  is  credited  to  the 
firmer  foundation  of  Nebraskan  Drift  material  under  the  conduit  as  opposed  to 
the  alluvial  clay  under  the  embankment  in  the  valley.  A  plot  of  the  change 
in  length  and  a  history  plot  of  four  vertical  movement  points  along  the 
conduit  are  shown  on  Plate  C16. 

8.8  Reservoir  Stage  Recorder.  The  reservoir  stage  recorder  is  housed 
in  a  5-foot  4-inch,  by  5-foot  4-inch,  by  8-foot  high  concrete  block  structure 
located  at  the  crest  of  the  embankment  near  the  outlet  works.  The  instrument 
records  reservoir  levels  in  digital  format  on  paper  tape  at  15-minute  inter¬ 
vals.  It  is  a  bubbler  type  Installation  whereby  the  stage  is  determined  by 
the  hydrostatic  pressure  required  to  force  nitrogen  gas  out  of  a  submerged 
orifice.  An  auxiliary  staff  gauge  with  the  same  datum  as  the  recorder  is 
located  near  the  intake  of  the  outlet  structure  and  extends  from  elevation 
1271.0  feet  m.s.l.  to  elevation  1287.0  feet  m.s.l.  The  gauges  are  operated 
and  maintained  by  Corps  of  Engineers  personnel. 

9.  COHSTRDCTIOB  HODI F I CATIORS . 


9.1.  General .  Six  contract  modifications  occurred  during  the  construc¬ 

tion  of  this  project.  The  changes  were  determined  necessary  and  In  the  best 


interest  of  the  Government.  Details  of  the  modifications  are  given  in  the 
following  section. 


9.2.  Contract  Modifications. 


(Mod.  #1)  October  1966.  Modification  So.  1  was  a  change  in  the  specifi¬ 
cations  of  the  contract.  Change  was  necessary  to  revise  construction  con¬ 
tract  commitments  to  conform  to  real  estate  acquisition  commitments.  The 
contract  price  and  time  remained  unchanged. 

(Mod.  #2)  August  1967.  Due  to  flooding  in  June  1967,  debris  consisting 
of  logs  and  brush  were  deposited  in  the  reservoir  below  the  elevation  of  the 
permanent  pool.  The  Contractor  had  previously  completed  the  clearing  and 
grubbing  required  by  the  contract,  and  did  not  by  any  act  or  failure  to  act 
contribute  to  the  deposit  of  the  debris.  Therefore,  since  the  debris  was 
unacceptable  in  the  permanent  reservoir,  a  contract  modification  was  made  to 
allow  for  payment  for  removal  of  the  debris.  This  resulted  in  an  increase  of 
$800  in  the  contract  price.  The  contract  time  remained  unchanged. 

(Mod.  #3)  September  1967.  Due  to  abnormally  bad  weather  between  May 
and  June,  it  was  determined  necessary  to  modify  the  contract  time  for  perform¬ 
ance  of  all  work  included  in  Items  3  and  4  of  the  Completion  Schedule  22 
calendar  days.  Items  3  and  4  consisted  of  the  following:  Item  3,  complete 
outlet  works  and  complete  right  and  left  abutment  embankment;  Item  4, 
complete  all  remaining  work,  except  seeding.  The  contract  price  and 
completion  time  for  all  other  work  remained  unchanged. 

(Mod.  #4)  December  1967.  This  modification  extended  the  completion 
date  of  Item  5  (Seeding)  in  the  Completion  Schedule  10  calendar  days.  The 
extension  was  necessary  due  to  Moa.  #3  which  extended  the  time  for  perform¬ 
ance  of  Items  3  and  4.  (See  Mod.  #3).  Since  Item  4  was  prerequisite  to  Item 
5,  the  time  extension  was  deemed  necessary.  The  contract  price  remained 
unchanged. 
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(Mod.  #5)  July  1968.  This  modification  gave  the  contractor  an  addi¬ 
tional  45  calendar  days  to  complete  Item  1  (Complete  Right  and  Left  Abutment 
Embankment)  of  the  contract.  Misinterpretation  of  the  Plans  and  Specifica¬ 
tions  caused  an  Increased  haul  distance  and  delayed  the  completion  of  the 
embankment,  thus  requiring  the  additional  time. 

(Mod.  #6.)  July  1968.  This  modification  provided  for  reimbursement  to 
the  contractor  for  loss  of  indirect  coots  as  a  result  of  underrun  in  quantity 
of  contract  Items  10,  "Spalls,"  and  12,  "Riprap-Type  B.”  Contract  price  was 
increased  by  the  lump-sum  amount  of  $2,841.56.  The  time  for  performance  was 
unchanged . 

10.  OPERATIONAL  HISTORY  ASP  PERFORMANCE . 

10.1.  General.  The  Secretary  of  the  Army  granted  a  license  to  the 
State  of  Nebraskan  and  Parks  Commission  to  use  and  occupy  the  land  and  water 
areas  of  the  Branched  Oak  Dam  and  Reservoir  for  Public  Park  and  Recreational 
purposes.  For  consideration  of  the  privileges  granted,  the  State  was 
required  to  maintain  the  project  in  a  manner  acceptable  to  the  District 
Engineer.  In  general,  this  requires  routine  maintenance.  Any  major  repairs, 
either  to  the  embankment,  outlet  works,  or  spillway,  are  accomplished  by  the 
Corps  of  Engineers. 

10.2.  Inspections.  In-depth  inspections  of  Branched  Oak  Dam  and  Reser¬ 
voir  are  conducted  in  accordance  with  ER  1110-2-100,  "Periodic  Inspections 
and  Continuing  Evaluation  of  Completed  Civil  Works  Projects."  The  inspec¬ 
tions  are  reported  in  Periodic  Inspection  Reports  Nos.  1  through  6,  dated 
July  1968,  September  1969,  November  1970,  July  1972,  October  1974,  and 
October  1979,  respectively.  The  next  periodic  inspection  of  Branched  Oak  Dam 
is  scheduled  for  1984.  These  periodic  inspections  are  made  jointly  by  repre¬ 
sentatives  of  the  Operations  and  Engineering  Divisions  of  the  Omaha  District 
Corps  of  Engineers  and  by  representatives  of  the  Missouri  River  Division 
Office.  The  reports  Include  the  evaluation  of  the  embankment,  structural 
performance,  and  instrumentation  observations. 
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In  addition  to  the  periodic  inspections,  annual  inspections  are  made  by 
the  Operations  Division  of  the  Omaha  Corps  of  Engineers,  and  monthly  inspec¬ 
tions  have  been  performed  by  Fort  Crook  Area  Forces  since  1980.  These 
reports  include  a  comprehensive  inspection  of  all  features  of  the  dam. 

10.3.  Reservoir  Levels.  Reservoir  water  surface  elevation  readings 

have  been  recorded  daily  since  the  ponding  of  reservoir  water  began.  Of 
these  readings,  one  middle  of  the  month  observation  from  each  month  has  been 
plotted  for  record  and  is  shown  on  Plate  C6.  These  daily  water  surface 
elevation  readings  are  taken  either  from  the  intake  structure  mounted  staff 
gauge  or  from  the  water  stage  recorder  located  in  the  gauge  house  near  the 
crest  of  the  dam.  The  highest  pool  elevation  reading  ever  recorded  at  this 
dam  was  1286.6  (2.6  feet  above  normal  operating  pool)  which  occurred  in 

October  1973. 

10.4.  Significant  Operational  Events. 

10.4.1.  Crest  Road.  In  1970,  the  upstream  side  of  the  crest  was 
extended  12  feet  by  the  State  of  Nebraska  for  the  purpose  of  building  a  two- 
lane  paved  road  across  the  crest  of  the  dam.  All  costs  and  necessary  work 
for  completion  of  the  project  was  the  responsibility  of  the  State  of  Nebraska 
with  approval  of  the  plans,  specifications,  etc.,  by  the  Corps  of  Engineers. 
A  sectional  view  of  the  road  is  shown  on  Plate  A17,  and  Plates  B13  and  B14 
show  views  of  the  completed  road. 


10.4*2.  Seepage.  Branched  Oak  Dam  and  Reservoir  has  a  history 
of  seepage  along  the  downstream  toe  of  the  embankment.  The  main  areas  of 
concern  have  been,  (1)  at  the  base  of  the  right  abutment  approximately 
between  sta.  10+00  and  sta.  15+00,  (2)  near  the  center  of  the  flood  plain 
valley,  (3)  along  the  left  cut  slope  downstream  of  the  stilling  basin,  and 
(4)  from  the  internal  embankment  sand  drain  outlet  at  sta.  41+00  located  back 
and  upstream  of  the  stilling  basin  structure.  Methods  used  to  alleviate  the 
problem  in  these  areas  are  discussed  in  the  following  sections. 


10.4.2.1.  Relief  Well.  In  1975,  a  6-inch  diameter 
relief  well  was  Installed  In  the  downstream  embankment  toe  near  the  old  creek 
channel  at  sta.  28+00.  The  well  was  used  In  an  attempt  to  lower  the  ground 
water  level  In  that  area.  It  was  thought  that  If  it  would  relieve  the 
hydrostatic  pressure  in  the  deeper  sand  stratum,  that  the  drainage  of 
overlying  alluvium  would  improve,  thus  lowering  the  ground  water  level  and 
minimizing  local  ponding.  Recent  inspections  indicate  that  the  relief  well 
has  been  functioning  as  expected  and  the  ground  water  level  has  subsided. 
Periodic  flow  measurements  of  the  relief  well  are  shown  on  Plate  C6 ,  and  the 
discharge  end  of  the  well  is  shown  on  Plate  Bll.  Details  of  design  and  a 
cost  summary  of  the  relief  well  and  perforated  pipe  (discussed  in  next 
paragraph)  are  presented  in  Design  Memorandum  No.  MSC-23. 

Besides  the  relief  well,  a  6-inch  perforated  drain  pipe  was  placed  in 
the  same  trench  parallel  to  and  at  the  same  elevation  as  the  relief  well  out¬ 
flow  pipe.  This  drain  has  flowed  steady  at  approximately  5  gpm  and  indicates 
that  shallow  drains  such  as  this  are  effective  in  lowering  local  high  ground- 
water  problems.  However,  since  the  relief  well  is  also  in  the  area  the 
actual  effect  of  the  shallow  drain  cannot  be  determined. 

10.4.2.2.  Seepage  Drains.  In  1977-1978,  two  seepage 
drains  were  installed  in  the  vicinity  of  the  stilling  basin.  A  2-inch  pipe 
was  installed  into  the  embankment  drain  at  the  toe  of  the  embankment  approxi¬ 
mately  along  a  line  with  the  centerline  of  the  stilling  basin  to  provide  a 
controlled  outlet  for  any  seepage  through  the  drain.  The  second  drain  is  a 
4-inch  perforated  pipe  installed  along  the  left  side  of  the  stilling  basin 
cut  slope  at  elevation  1252.0.  The  purpose  of  the  drain  is  to  provide  a 
controlled  outlet  for  seepage  that  drains  from  the  left  abutment  area. 
According  to  the  1979  Periodic  Inspection  Report,  these  drains  were 
functioning  well  and  keeping  the  area  dry.  See  Plate  C6  for  a  plot  of  the 
flow  readings,  Plate  A39  for  drain  details,  and  Plates  B12  and  B13  for  views 
of  the  drains. 
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The  drains  were  Installed  as  part  of  the  Salt  Creek  -  Outlet  Works 
Rehabilitation  (Phase  I),  which  Included  channel  cleanout  and  conduit 
grouting  performed  at  various  other  Salt  Creek  Dams.  The  work  was  performed 
by  Technical  Inspections  Corp.  of  Lincoln,  Nebraska,  under  contract  No. 
DACW45-77-B-0086.  Total  contract  cost  was  $114,708.50  with  approximately 
$18,800  allotted  for  the  seepage  drains  at  Branched  Oak. 

10*4. 3.  Service  Road.  In  1976,  a  crushed  rock  surfaced  service 
road  was  constructed  along  the  upstream  embankment  slope.  It  was  constructed 
by  Theisen  Bros.  Inc.,  of  Norfolk,  Nebraska  under  Contract  No. 
DACW45-76-B-0100  at  a  cost  of  $33,280.  The  road  was  built  by  cutting  into 
the  slope  along  the  top  side  of  the  upstream  slope  riprap  protection.  It  was 
constructed  primarily  for  inspection  and  more  efficient  maintenance  of  the 
upstream  slope.  Before  the  road  was  constructed,  a  barge  or  a  temporary 
construction  road  cut  into  the  upstream  slope  was  necessary  each  time  riprap 
repair  was  required.  Details  of  the  design  of  the  road  are  presented  in 
Design  Memorandum  No.  MSC-25.  Plan  and  sections  of  the  service  road  are 
shown  on  Plate  A40.  Plates  B3,  B10,  and  Bll  show  views  of  the  service  road 
during  and  after  construction. 

10.4.4.  Water  Rights  Gate.  In  October  1981,  a  10-inch  diameter 
gate  was  constructed  into  '^he  intake  structure  as  shown  on  Plate  A37.  The 
gate  is  used  to  release  water  for  downstream  needs.  Its  small  size  enables 
it  to  be  used  more  efficiently  than  the  structure's  4-foot  by  6-foot  gate 
which  was  originally  used. 

The  gate  was  constructed  by  contract  (No.  DACW  45-81-C-0229 )  at  a  cost 
of  approximately  $7,000.  The  contractor  was  Pro  Dive  Incorporated  of  Ottawa, 
Illinois. 

10. 5.  Perfor— nee.  The  Branched  Oak  Dam  and  appurtenant  structures  are 
in  good  condition.  Since  1967,  when  the  project  was  completed,  periodic 
annual,  and  monthly  inspections  and  evaluations  of  the  instrumentation  data 
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has  revealed  no  significant  problems  concerning  the  safety  of  the  dam.  The 
maximum  reservoir  level  attained  at  Branched  Oak  Dam  since  its  completion 
occurred  in  October  1973  and  was  1286.6  feet  m.s.l.  This  was  2.6  feet  above 
the  normal  operating  pool  and  24.4  feet  below  the  spillway  crest.  The 
project  is  well  maintained,  and  because  of  its  relative  close  proximity  to 
the  Omaha  District  Offices,  it  can  readily  be  inspected  if  potential  problems 
develop.  Maintenance  problems  which  do  develop  are  generally  rectified 
before  they  turn  into  major  problems  which  may  subsequently  affect  the 
integrity  of  the  dam. 
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PHOTOGRAPHS 


PHOTO  NO.  1  -  October  1973,  aerial  view  of  project.  Pool  elevation 
is  1286.6,  approximately  2.6'  above  normal  operating 
pool.  Note:  This  is  the  highest  pool  elevation  ever 
recorded  at  Branched  Oak  Dam. 


PHOTO  NO.  2  -  October  1973,  aerial  view  of  project. 

High  pool  condition. 
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PHOTO  NO.  1  -  October  1973,  aerial  view  of  project.  Pool  elevation 
is  1286.6,  approximately  2.6'  above  normal  operating 
pool.  Note:  This  is  the  highest  pool  elevation  ever 
recorded  at  Branched  Oak  Dam. 


PHOTO  NO.  2  -  October  1973,  aerial  view  of  project. 
High  pool  condition. 
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PHOTO  NO.  3  -  October  1973,  aerial  view  of  project.  High 
pool  condition.  Note;  Emergency  spillway 
is  shown  in  the  lower  right  hand  side  of 
the  photo. 


PHOTO  NO.  4  -  August  1968,  aerial  view  of  project  during 
ponding  of  the  reservoir.  Note-.  Letters  in¬ 
dicate  Borrow  Areas  A,  B,  C  and  F  and  the 
Emergency  Spiliway(S). 
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PHOTO  NO.  5  -  View  of  upstream  embankment  slope, 

crushed  rock  surfaced  service  road,  and 
upstream  slope  riprap  protection  from  the 
left  abutment.  September  1982 


PHOTO  NO.  6  -  View  of  upstream  embankment  slope,  crushed 
rock  surfaced  service  road,  and  upstream 
slope  riprap  protection  from  the  right  abut¬ 
ment.  September  1982 
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PHOTO  NO.  7  -  Overview  of  dam  crest,  downstream  slope, 
and  right  abutment.  September  1982 


PHOTO  NO.  8  -  View  of  downstream  slope  of  thedam  from 
the  right  abutment.  September  1982 
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PHOTO  NO.  9  -  View  of  upstream  embankment  slope,  crushed 
rock  surfaced  service  road,  riprap  slope 
protection  and  outlet  works  intake  tower,  from 
the  left  abutment.  September  1982 


PHOTO  NO.  10  -  View  of  riprap  slope  protection  on  the  IV  on 

3H  upstream  embankment  slope.  September  1982 
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PHOTO  NO.  11  -  View  of  riprap  slope  protection  on  right 
abutment  shoreline  area.  September  1982 


) 


PHOTO  NO.  12  -  View  of  upstream  end  of  emergency  spillway. 
Highway  shown  crosses  dam  to  left. 

September  1982 
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PHOTO  NO.  13  -  View  of  emergency  spillway  channel  looking 
downstream  from  near  highway. 

September  1982 


PHOTO  NO.  14  -  View  of  outlet  works  intake  structure  ard 
riprap  near  north  end  of  the  embankment. 
September  198  2 
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PHOTO  NO.  17  -  View  of  hydraulic  jump  created  in  stilling  basin. 

The  jump  dissipates  the  energy  of  the  flowing  water 
and  therefore  reduces  erosion  in  the  downstream 


PHOTO  NO.  18  -  View  of  stilling  basin  and  discharge  channel. 
September  1982 
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PHOTO  NO.  19  -  View  of  outlet  channel  from  crest  of  dam. 
September  1982 


••  ■» 


PHOTO  NO.  20  -  View  of  crushed  rock  surfaced  service  road 
during  construction.  November  1976 
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PHOTO  NO.  21  -  View  of  crushed  rock  surfaced  service  road 
during  construction.  November  1976 


PHOTO  NO.  22  -  View  of  outlet  end  of  downstream  va  lley  relief 
well  (on  right  side  -  flap  lid)  and  parallel  drain 
pipe  (to  left  w/screen).  Relief  well  flow  is  about 
17  gpm  and  drain  flow  is  about  5  gpm. 

September  1982 
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PHOTO  NO.  23  -  View  of  stilling  basin  from  crest  oi  dam. 

Arrow  #1  points  to  4"  seepage  dram 

(See  Photo  No.  23)  and  Arrow  #2  points  to 

a  2'  seepage  drain  (See  Photo  No.  24).  September  1982 


PHOTO  NO.  24  -  Viav  of  2"  seepage  drain  which  was  installed 
in  the  outlet  end  of  an  embankment  sand  drain 
just  upstream  of  the  stilling  basin  structure. 
Flow  is  approx.  1.4  gpm.  September  1982 
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PHOTO  NO.  25  -  View  of  4"  seepage  drain  installed  along  the 
left  crest  slope  of  the  stilling  basin.  Flow 
is  approx.  23.5gpm.  September  1982 
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PHOTO  NO.  26  -  View  of  dam  crest  and  paved  highway  which 
runs  along  the  crest  of  the  dam.  Photo  was 
taken  from  the  upstream  side  of  the  embank¬ 
ment  near  the  left  abutment.  September  1982 
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PHOTO  NO.  27  -  View  of  dam  crest  and  paved  highway  which 
runs  along  the  crest  of  the  dam.  Photo  was 
taken  from  near  the  right  abutment  of  the  dam. 
September  1982 
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